2 3) and prisms . The advantage of these materials is their very low water solubility, good transparency over a very wide spectral range (from visible up to 40M for prisms and up to 60 u for windows), and sufficient hardness (about two times that of NaCl) for optical working to obtain surfaces of desired quality. The disadvantages are high refractive indices (2.2 to 2.6) which cause high reflection loss, and plasticity which may lead to deformation of finished surfaces. The reflection loss can be partially eliminated by proper nonreflecting coatings, but only over a comparatively small wavelength range. Plastic deformation can be 4) avoided if the crystals are properly handled during optical working.
The refractive index data of thallium bromo-iodide mixed crystals of E. K. Plyler, J. Res. U. S. Nat, Bur. Stand. 41, 125 (1948 the refractive index showed a slight variability from end to end. The object of the present investigation was to find out the cause of the optical inhomogeneity and if possible to eliminate it.
Mixed Crystal Formation
In case of complete mutual solubility of two components, three types of solid solutions are possible:
1. The melting point may change monotonically with the composition.
2. The melting point goes through a maximum.
3. The melting point goes through a minimum.
Because of the difference of the solidus and liquidus curves large homogeneous crystals can be grown only from the melts of type 2 and 3, and even in this case only if the composition corresponds to the maximum or minimum of the melting point where the solidus and liquidus curves coincide. 
Chemical Analysis
To explain such a large difference in the refractive index by an inhomogeneous distribution of impurities would require an impurity content of at least one percent. As a spectroscopic analysis showed, our crystals contained not more than a few hundredths percent of impurities. Some visible impurities were concentrated on the top of the crystals causing a dark zone well separated 11) R. Koops, Optik 3. 298 (1948) . and determined iodometrically. Thallium was titrated with potassium bromate. 58.14 mole % 58.3 " " 55.0 " " Table 1 shows that the concentration of iodide is about 3 percent higher at the bottom than at the top of the 12 cm long crystal.
'

Lattice Constant Variation
For further investigation of the inhomogeneity, we made a lattice constant determination with a High Precision Geiger-Counter X-ray spectrometer.* This 12) E. Viebock and C. Brecher, Ber. 63, 2818 (1930 Table 2 . For both cases the lattice constant decreases continuously from the bottom to the top of the crystal. The rate of decrease depends on the speed of the crystal growing (at a speed of lOmm/hr the rate is only half of that at lmm/hr), but unfortunately, at such a high speed one cannot obtain single crystals.
-9 -15) According to Barth and Lunde the lattice constant of thallium bromoiodide increases with the amount of iodide as shown in Fig. 3 . As the amount of Til increases, the lattice constant ri«es somewhat faster than linearly and reaches its maximum deviation from linearity of 0.5 percent at the composition which corresponds exactly to the minimum melting point. The deviation of the lattice constant or molecular volume from the linearity indicates that the cohesive forces are influenced greatly by the polarization of the ions.
Investigation of Segregation
After it was definitely established that the optical inhomogeneity is caused by a change in chemical composition, the next step was to find out why this change takes place. The effect might be caused by segregation of the components in the melt or in the solid state during the growing process while the mass is kept for days in a temperature gradient. Segregation in a temperature i e\ 17)
gradient is known as the LudwigSoret effect, or thermal diffusion effect, and has been observed in melts and solids.
To check the segregation, a melt of a composition 42 mole •* of ' TlBr + 58 mole % of Til was kept in a glass tube (10 cm long) in a temperature gradient (16.5 C/cm) for 120 h. and then quenched rapidly. 
Phase Diagram Determination
After these negative results we decided to check the phase diagrams by the cooling method for both binary systems (T1C1 + TlBr and TIBr + Til).
Samples of 20 to 30 gm. were melted in a l J yrex vessel with a narrow tubing to prevent oxidation and cooled down at the rate 15 C/'hr while the melt was being stirred with the thermocouple glass tubing until it solidified (Fig. 4) . The temperature was measured with an iron-constantan thermocouple calibrated against the melting point of Zn (419.5 C) standard sample.* The accuracy of reading the thermocouple e.m.f. was increased by factor five by using a partial compensation and amplification of fractional millivolts (Fig. 5) . The results are given in Figs. 6 and 7. Our freezing points are considerably higher than those reported by Moenkemeyer and Koops and the minima are shifted. The freezing points of thallium halides are given in Table 3 , and the minimum freezing points of the binary systems in Table 4 . 
Lattice Constants of the New Compositions
After adjusting the accurate minimum melting points, crystals of binary systems were grown and the lattice constants at different positions along the growing direction determined. As can be seen from Table 5 the greatest deviation of the lattice constant along the crystal length is now not more than 5x10 which corresponds to the accuracy of our measurements.
The lattice constant values given in Table 5 Table 6 . Chan. 131,Tul (1927) .
* The transition temperature Is given from low temperature (orthorhombic) to high (cubic). Only fo»-this direction is the transition temperature constant. In opposite direction the transition temperature varies and may drop to 155 C. For computing the lattice constants we used \ xjXa = 1.54050A.
27^
Our data agree with those given by Straumanis and levins. '
The lattice constants were determined at 25.0° and 35.0°C and from these data the thermal expansion coefficients (Table 6 ) computed. The data for Til are less accurate than the others because the extrapolation to 180° could not be used.
The expansion coefficient of thallium chloro-bromide crystals is somewhat lowe:-than those of the pure components. A comparison of thallium bromo-iodide with its components is not possible because thallium iodide is orthorhombic in this temperature range. On the other hand, it has to be mentioned that Kantola 28^ found a higher expansion coefficient for mixed potassium chloride and bromide than in pure components. Generally the known lattice constants vary considerably (Table 6 ) and further measurements are necessary for explanation of the variation.
Conclusions
Our results show that the optical inhomogeneity of mixed thallium halide crystals grown to date was caused by the incorrect composition of the melt. If the composition corresponds exactly to the minimum of the melting point, large, single, mixed crystals can be grown which are perfectly homogeneous. Using the lattice constant as an indicator for the homogeneity of the crystals, we can conclude that the refractive index variation in the new crystals is less than 1x10 .. 27) W. L. Bragg, Acta Cryst. 1, 46(1948 
